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I ULTRASOUND APPLICATIONS 

01 

00 Background of Invention 

p [0001] The present invention relates to electronic communication in an ultrasonic 
SJ system and, more particularly, to a system and method for time domain 

m multiplexed communication in an ultrasonic imaging system. 

m 

□ [0002] 

tp Typically, ultrasonic imaging systems include an ultrasonic probe with an 

Q 

^ ultrasonic array having a plurality of ultrasonic elements. With some of these 

ultrasonic imaging systems, such as, for example, 2-D and 3-D reconstruction 
systems, the number of ultrasonic elements becomes relatively high. Typically, a 
separate co-axial cable for each ultrasonic element is used to transmit ultrasonic 
data that is obtained from the ultrasonic element to various ultrasonic data 
processing electronics. For ultrasonic imaging systems having a high number of 
ultrasonic element, such as, for example, 2-D and/or 3-D reconstruction systems, 
the number of co-axial cables can be over 500 cables. As such, cable bundles 
connecting the probe to the various ultrasonic data processing electronics can 
include over 500 individual co-axial cables. Cable bundles housing over 500 
individual co-axial cables are stiff and difficult to manipulate. In other ultrasonic 
imaging systems that have less ultrasonic elements, the cable bundles house about 
128 co-axial cables. These cable bundles having about 128 co-axial cables have 
been found to be more flexible and easier to manipulate. Therefore, in ultrasonic 
systems with a large number of cables, there is a desire to reduce the number of 
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cables and/or the size of the cable bundle connecting the ultrasonic probe to the 
ultrasonic data processing electronics such that the ultrasonic probe can be easier 
to manipulate during ultrasonic imaging procedures. 

[0003] In a prior system used to reduce the number of cables or the size of the cable 

bundle, fiber optic cables are used to replace the co-axial cables because fiber 

optic cables are more flexible than co-axial cables. However, the ultrasonic system 

using fiber optic cables requires digital optical modulation that uses a time gain 

control (TGC) amplifier and an analog to digital (A/D) converter for each ultrasonic 

p element in the ultrasonic array. As such, in ultrasonic systems where the ultrasonic 

^0 array has over 500 ultrasonic elements, these fiber optic systems are expensive 

05 and have high energy consumption. 

|i. 

[0004] In another prior system, the number of cable bundles is reduced using 
SJ frequency domain multiplexing. In these systems, a frequency domain multiplexer 

p is connected to the ultrasonic array and connects the number of cables from the 

Ul ultrasonic array to a lesser number of cables in an output to the frequency domain 

multiplexer. The switching between the cables of the ultrasonic array was based on 
frequency domain criteria. However, since the ultrasonic signals are typically 
analog signals, the frequency domain multiplexed systems can only combine a 
relatively small number of signals using a frequency domain multiplexer. As such, 
the number of cables and/or the size of the cable bundles is not reduce to a 
number that make the ultrasonic probe easier to use and manipulate during 
ultrasonic imaging procedures. As such, there is a desire to produce an ultrasonic 
imaging system and method that reduces the number of cables or the size of the 
cable bundle connecting the ultrasonic probe to the ultrasonic data processing 
electronics. In addition, there is a desire for a system and method that reduces the 
number of cables and/or the size of the cable bundle without the above-identified 
limitations and without increased costs of operation of the ultrasonic imaging 
system. 

Summary of Invention 

[0005] 

In one exemplary embodiment, a time-domain communication system for use 



n 
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in an ultrasonic imaging system is provided that comprises an ultrasonic array 
having a plurality of ultrasonic array outputs. A time-domain multiplexer is 
included and has an input connected to each of the plurality of ultrasonic array 
outputs. The time-domain multiplexer also has a multiplexer output. In addition, 
the time-domain multiplexer continually cycles through each of the plurality of 
ultrasonic array outputs at a predetermined frequency, and each of the plurality of 
ultrasonic array outputs are connected to the multiplexer output for a 
predetermined amount of time. The plurality of ultrasonic array outputs comprises 
a first number of outputs, and the multiplexer output comprises a second number 
O of outputs. The first number of outputs is greater than the second number of 

rfl outputs. A de-multiplexer has an input that is connected to the multiplexer output. 

® The de-multiplexer has a plurality of de-multiplexer outputs, and the de- 

fll multiplexer continually cycles through each of the de-multiplexer outputs at the 

L * predetermined frequency wherein each of the de-multiplexer outputs is connected 

B to the multiplexer output for the predetermined amount of time. The plurality of 

o 

ifl de-multiplexer outputs comprises a third number of outputs, and the third number 

^2 of outputs is greater than the second number of outputs. A time gain control 

yj 

O amplifier is connected to each of the plurality of de-multiplexer outputs and 

amplifies each respective signal in each of the plurality of de-multiplexer outputs. 
An analog to digital converter is connected to the time gain control amplifier, and 
each respective signal in each of the plurality of de-multiplexer outputs is 
converted to a digital signal at a sample frequency rate. A timing reference is 
connected to the time-domain multiplexer, the de-multiplexer and the analog to 
digital converter. The timing reference provides a single timing reference to 
determine at least the predetermined frequency and the sample frequency rate. 

[0006] 

In another exemplary embodiment, a method for time-domain communication 
in an ultrasonic imaging system comprises acquiring ultrasonic data from an 
ultrasonic array. The ultrasonic data is transmitted via a plurality ultrasonic array 
outputs to a time-domain multiplexer having an input connected to each of the 
plurality of ultrasonic array outputs. The plurality of ultrasonic array outputs 
comprising a first number of outputs. Each of the plurality of ultrasonic array 
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outputs is continually cycled through at a predetermined frequency to connect and 
transmit the ultrasonic data from the plurality of ultrasonic array outputs to at least 
one multiplexer output for a predetermined amount of time. The at least one 
multiplexer output has a second number of outputs wherein the first number of 
outputs is greater a second number of outputs. Also, the at least one multiplexer 
output is connected to a de-multiplexer having a plurality of de-multiplexer 
outputs. The plurality of de-multiplexer outputs comprising a third number of 
outputs wherein the third number of outputs is greater than the second number of 
outputs. Additionally, the plurality of de-muitiplexer outputs is continually cycled 
through at the predetermined frequency to connect each of the plurality of de- 
Si multiplexer outputs to the at least one multiplexer output and to transmit the 
pf ' ultrasonic data from the multiplexer output to the plurality of de-multiplexer 

outputs. The ultrasonic data in the plurality of de-multiplexer outputs is amplified. 
The ultrasonic data is converted to digital ultrasonic data at a sampling frequency 
L. rate. An ultrasonic image is created from the digital ultrasonic signal. 

in 

p Brief Description of Drawings 

Q [0007] Fig. 1 is a block diagram view of one exemplary embodiment of an ultrasonic 

imaging system. 

[0008] Fig. 2 is a block diagram view of one exemplary embodiment of a time-domain 
multiplexer used in an ultrasonic probe. 

[0009] Fig. 3 is a block diagram view of one exemplary embodiment of an ultrasonic 
data processing unit. 

[001 0] Fig. 4 is a flow diagram of one exemplary embodiment of a method for time- 
domain communication in an ultrasonic imaging system. 

Detailed Description 

[001 1 ] | n one embodiment as shown in Fig. 1 , an ultrasonic imaging system 1 00 

comprises an ultrasonic probe 1 1 0 connected to an ultrasonic data processing unit 
1 30. The ultrasonic probe 1 1 0 includes a time-domain multiplexer 1 1 4 that is 
connected to ultrasonic array 1 1 2 via an array connector 1 1 3 wherein the array 
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connector 1 1 3 has a first number of outputs. The time-domain multiplexer 1 14 is 
also connected to the ultrasonic data processing unit 1 30 via probe connector 120 
wherein the probe connector 1 20 has a second number of outputs. The first 
number of outputs in the array connector 1 1 3 is greater than the second number 
of outputs in the probe connector 1 20 such that the ultrasonic probe 1 1 0 can be 
more easily handled and/or maneuvered during various ultrasonic imaging 
procedures. In another embodiment, the ultrasonic array 1 12 is connected to a 
plurality of cable bundles where each of the plurality of cable bundles includes at 
least one of the array connectors 1 1 3. 

[001 2] As shown in Fig. 1 , one representative embodiment of the ultrasonic imaging 
Eg system 100 includes ultrasonic probe 1 10 connected to ultrasonic data processing 

unit 1 30 via probe connector 1 20. In one embodiment, the ultrasonic imaging 
H system 100 produces medical ultrasonic images used in diagnosis, treatment or 

iu 5 

8 evaluation of a patient. It should be appreciated that, in one embodiment, the 

j2 ultrasonic imaging system 1 00 can be used in two-dimensional (2-D) and three- 

U i 

O dimensional (3-D) reconstruction imaging systems. It should also be appreciated 

^ that, in other embodiments, the ultrasonic imaging system 100 can be used for 

H applications other than medical imaging. 
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In one embodiment, as shown in Fig. 1 , the ultrasonic probe 1 1 0 comprises an 
ultrasonic array 1 1 2 that comprises a plurality of ultrasonic transducers (not 
shown) and at least one ultrasonic source (not shown). During operation, the 
ultrasonic source (not shown) transmits an ultrasonic frequency and the ultrasonic 
transducers (not shown) sense the reflected ultrasonic frequency and produce an 
electronic signal in response thereof. The electrical signals that are produced by 
the ultrasonic transducers (not shown) of the ultrasonic array 1 12 are provided to 
the time-domain multiplexer 1 1 4 via array connector 1 1 3 having a plurality of 
outputs wherein the plurality of outputs comprises a first number of outputs. In 
one embodiment the outputs in the array connector comprise co-axial cables. It 
should be appreciated that in ultrasonic imaging systems 100 using, such as, for 
example, 2-D or 3-D reconstruction imaging systems, the number of outputs in 
the array connector 1 1 3 can comprise over five hundred (500) outputs. It should be 
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appreciated that, in another embodiment, the array connector 1 1 3 can comprise a 
plurality of co-axial cables, and each of the co-axial cables is coupled a 
predetermined number of channels where each channel is connected to a 
predetermined number of ultrasonic array outputs 21 0 (Fig. 2) of the ultrasonic 
array 1 12. In addition, in this embodiment, the time-domain multiplexer 1 1 4 can 
comprises a plurality of time-domain multiplexers 1 14 wherein each of the co- 
axial cables is connected to a different time-domain multiplexer 1 14 wherein the 
outputs of the plurality of time-domain multiplexers 114 are included in the probe 
connector 120. 

tesr 

gg [001 4] As shown in Fig. 1 , the probe connector 1 20 connects the time-domain 

jijl 

multiplexer 1 14 to the ultrasonic data processing unit 1 30. In one embodiment, 
M* the probe connector 1 20 includes a plurality of outputs, such as, for example, each 

m output from the plurality of time-domain multiplexers 1 1 4. In one embodiment, 

~ %5 the each of the plurality of outputs in the probe connector 1 20 comprises co-axial 

s 

P cables. It should be appreciated that the plurality of outputs in the probe connector 

sn 

q 1 20 comprises a second number of outputs wherein the first number of outputs in 

€1 the array connector 1 1 3 is greater than the second number of outputs in the probe 

L4 connector 1 20. In one embodiment, the number of outputs in the probe connector 

1 20 is about one hundred twenty-five (1 25) outputs. The difference in the first 
number of outputs in the array connector 1 1 3 and the second number of outputs 
in the probe connector 1 20 allows the probe connector 1 20 to be thinner and more 
flexible, and, therefore, the ultrasonic probe 1 10 can more easily be manipulated 
during various ultrasonic imaging procedures. 
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In one embodiment as shown in Fig. 1 , the ultrasonic data processing unit 1 30 
is connected to the ultrasonic probe 1 1 0 via the probe connector 1 20. A de- 
multiplexer 1 40 is connected to the probe connector 1 20. A time gain control 
(TGC) amplifier 1 50 is connected to the de-multiplexer 1 40. An analog to digital 
(A/D) converter 160 is connected to the TGC amplifier 1 50. Image processing 
electronics 1 70 are connected to the A/D converter 1 60, and the image processing 
electronics 1 70 have a processing unit output 1 90 that is connected to other 
devices (not shown). A timing reference 1 80 is connected to the de-multiplexer 
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1 40 and A/D converter 1 60, and, in addition, the timing reference 1 80 is 
connected to the time-domain multiplexer 1 1 4 via the probe connector 1 20. 

[001 6] As shown in Fig. 2, the ultrasonic array 1 1 2 includes a plurality of ultrasonic 
array outputs 210. As described hereinabove, the ultrasonic array outputs 210 
transmit ultrasonic data (SI -S4) from the ultrasonic array 1 1 2. The ultrasonic array 
outputs 21 0 are connected to the time-domain multiplexer 1 1 4 that includes a 
multiplexer switching element 220 that is connected to the timing reference 1 80. 
The multiplexer switching element 220 continually cycles through the ultrasonic 
array outputs 210 at a predetermined frequency to connect each of the ultrasonic 
*f array outputs 21 0 to the multiplexer output 230 for a predetermined amount of 

m time. In one embodiment, the predetermined frequency is equal to the sample rate 

5 t 

Jl! of the A/D converter 1 60 multiplied by the number of outputs in the ultrasonic 

cable array 210. In one embodiment as shown in Figs. 2 and 3, for example, the 
sample rate of the A/D converter 1 60 is 40 MHz and the number of outputs in the 
ultrasonic array outputs 21 0 is four (4). Therefore in this embodiment, the 
predetermined frequency operates at 4 outputs • 40 MHz - 1 60 MHz. Thus, each 
of the ultrasonic array outputs 21 0 is connected to the multiplexer output 230 for 
one-quarter (1 /4) of a cycle of the 40 MHz period. It should be appreciated that, in 
one embodiment, a single timing reference 1 80 is used to determine the 
predetermined frequency and maintains the timing sequencing, such as, for 
example, the predetermined frequency, between the time-domain multiplexer 1 14, 
the de-multiplexer 1 40 and the A/D converter 1 60. Additionally in this 
embodiment, since the timing reference 1 80 provides the timing sequence and/or 
predetermined frequency to the time-domain multiplexer 1 14, the de-multiplexer 
and the A/D converter 1 60, a timing cable 250 can also be housed in the probe 
connector 1 20. 



[0017] 



As such, in the embodiment shown in Fig. 2, the time-domain multiplexer 1 14 
converts four signals (SI -S4) from the ultrasonic array outputs 21 0 to one signal in 
the multiplexer output 230. Therefore, in the embodiment where the ultrasonic 
array 1 1 2 has about 500 ultrasonic array outputs 2 1 0, the 500 ultrasonic array 
outputs 210 can be reduced to 125 multiplexer outputs 230 wherein the probe 
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comprises 125 time-domain multiplexers 1 14 each connected to 4 ultrasonic array 
outputs 210. Therefore, the number of ultrasonic array outputs 210 is reduced 
using the time-domain multiplexer 1 1 4 such that the probe connector 1 20 
contains a few amount of cables. Thus, the probe connector 120 that has fewer 
cables is more flexible and easier to manipulate during ultrasonic imaging 
procedures. 

In one embodiment, as further shown in Figs. 2 and 3, the time-domain 
multiplexer 1 14 is connected to a de-multiplexer 140 of the ultrasonic data 
processing unit 1 30. As shown in Fig. 3, the de-multiplexer 1 40 is connected to 
the multiplexer output 230, and the de-multiplexer 1 40 includes a de-multiplexer 
switching element 31 0 that is connected to the timing reference 1 80. The de- 
multiplexer 140 also includes de-multiplexer output 330. It should be appreciated 
that, in one embodiment, the number of de-multiplexer output 330 is the same as 
the number of ultrasonic array outputs 210. In operation, the de-multiplexer 1 40 
continually cycles through the de-multiplexer outputs 330 at the predetermined 
frequency connecting the multiplexer output 230 to each of the de-multiplexer 
outputs 330 for a predetermined time. As described hereinabove with reference to 
the time-domain multiplexer 1 1 4, the predetermined frequency that the de- 
multiplexer 1 40 operates is similarly determined by the sample rate of the A/D 
converter 1 60 multiplied by the number of outputs in the ultrasonic cable array 
21 0. In the embodiment shown in Figs. 2 and 3, for example, the sample rate of 
the A/D converter 1 60 is 40 MHz and the number of outputs in the ultrasonic array 
outputs 21 0 is four (4). Therefore in this embodiment, the predetermined 
frequency operates at 4 outputs • 40 MHz = 1 60 MHz. Thus, each of the de- 
multiplexer outputs 330 is connected to the multiplexer output 230 for one- 
quarter (1 /4) of a cycle of the 40 MHz period. It should also be appreciated that, in 
one embodiment, that a single timing reference 1 80 is used to determine the 
predetermined frequency and maintains the timing sequencing, such as, for 
example, the predetermined frequency, between the time-domain multiplexer 1 14, 
the de-multiplexer 1 40 and the A/D converter 1 60. Additionally in this 
embodiment, since the timing reference 1 80 provides the timing sequence and/or 
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predetermined frequency to the time-domain multiplexer 1 14, the de-multiplexer 
1 40 and the A/D converter 1 60, a timing cable 250 providing the at least one 
predetermined frequency can also be housed in the probe connector 1 20. 
Therefore, the signals (SI -S4) are converted to one signal by the time-domain 
multiplexer 1 14, and the one converted signal is provided to the de-multiplexer 
1 40 via the multiplexer output 230. The de-multiplexer 1 40 re-converts the one 
converted signal back into four signals (S"l -S"4). Thus, the original ultrasonic 
signals (SI -S4) provided from the ultrasonic array outputs 210 are reconstructed 
as ultrasonic signal (S"l-S"4), and the reconstructed ultrasonic signals (S n l-S"4) are 

O 

^ provided for further signal processing. 



[0019] 

As described hereinabove, in one embodiment, the array connector 1 14 



H comprises a plurality of co-axial cables, and each co-axial cables includes a 

plurality of channels wherein each channel is connected to the ultrasonic array 
- 112. Also in this embodiment, the time-domain multiplexer 1 1 4 comprises a 
plurality of time-domain multiplexers 1 1 4, and each of the plurality of time- 
domain multiplexers is connected to a respective one of the plurality of co-axial 
M cables. As mentioned in one embodiment, the array connector 1 1 4 comprises 

about 500 ultrasonic array outputs 210. These ultrasonic array outputs 210 are 
bundled such that four (4) outputs and/or channels are provided to the time- 
domain multiplexer 1 14 that converts these signals into one multiplexer output 
signal 230. In this embodiment, the 500 ultrasonic output outputs 210 are reduced 
by 125 time-domain multiplexers 1 1 4 such that the multiplexer output 230 is 
included with 1 24 other multiplexer outputs 340 to comprise 1 25 multiplexer 
outputs 230, 340. The probe connector 1 20 houses the multiplexer output 230 
and the other multiplexer outputs 340. In this embodiment, the multiplexer output 
230 is connected to the de-multiplexer 1 40 and the other multiplexer outputs 340 
are connected to additional de-multiplexers 320. In one embodiment, de- 
multiplexers 140 with the number of additional de-multiplexers 320 comprise 
about 125 de-multiplexers 140, 320. The de-multiplexers 140, 320 reconstruct 
the ultrasonic data into 500 ultrasonic data outputs, and using the timing 
sequences and/or the predetermined frequency from the timing reference 1 80, the 
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de-multiplexers 140, 340 are able to reconstruct the ultrasonic data from each of 
the 500 ultrasonic array outputs 2 1 0. 

[0020] As shown in Figs. 1 -3, after the de-multiplexer 1 40 reconstructs the ultrasonic 
data, the de-multiplexer output 330 is connected to a tinie gain control (TGC) 
amplifier 1 50 that amplifies the signal containing the ultrasonic data. The 
amplified ultrasonic data is supplied to an A/D converter 160 that converts the 
ultrasonic data into digital ultrasonic data. It should be appreciated that, in one 
embodiment, that a TGC amplifier 1 50 and an A/D converter 1 60 are used for each 
p de-multiplexer 1 40. As such, in the embodiment with 1 25 de-multiplexers 1 40, 

5? 320, there are 125 TGC amplifiers 1 50 and an A/D converters 160. Once the A/D 

S- 5 

CO converter 1 60 has converted the ultrasonic data to digital form, the digital 
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ultrasonic data is provided to image processing electronics 1 70 that further 
process the digital ultrasonic data. The processed digital ultrasonic data is 
provided to the processing unit output 1 90 where the processed digital ultrasonic 
data can be used to produce an ultrasonic image. 



yQ [0021] 



In Fig. 4, a method for time-domain communication in an ultrasonic imaging 
H system includes acquiring ultrasonic data from an ultrasonic array 1 1 2 (step 41 0). 

The ultrasonic data is transmitted via a plurality of ultrasonic array outputs 2 1 0 to 
a time-domain multiplexer 1 14 (step 420). The time-domain multiplexer 1 14 
continually cycles through each of the ultrasonic array outputs 2 1 0 at a 
predetermined frequency to connect each of the ultrasonic array outputs 21 0 to 
the multiplexer output 230 for a predetermined amount of time (step 430). Thus, 
the ultrasonic data from each of the plurality of ultrasonic array outputs 210 is 
converted to a ultrasonic data signal on the multiplexer output 230. The 
multiplexer output 230 is connected a de-multiplexer having a plurality of de- 
multiplexer outputs 330 (step 440). The de-multiplexer 1 40 continually cycles 
through the plurality of de-multiplexer outputs 330 at a predetermined frequency 
to connect each of the de-multiplexer outputs 330 to the multiplexer output 230 
for a predetermined amount of time (step 450). Thus, ultrasonic data signal from 
the multiplexer output 230 is reconstructed to form the ultrasonic data in the 
ultrasonic array outputs 210. The reconstructed ultrasonic data output from the 
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de-multiplexer outputs 330 is amplified using a TGC amplifier (step 460). The 
amplified ultrasonic data is converted to digital ultrasonic data using an A/D 
converter 1 60 (step 470). The digital ultrasonic data is used to create an ultrasonic 
image (step 480). 

[0022] The foregoing discussion of the invention has been presented for purposes of 
illustration and description. Further, the description is not intended to limit the 
invention to the form disclosed herein. Consequently, variations and modifications 
commensurate with the above teachings and with the skill and knowledge of the 
p relevant art are within the scope of the present invention. The embodiment 

described herein above is further intended to explain the best mode presently 
known of practicing the invention and to enable others skilled in the art to utilize 
the invention as such, or in other embodiments, and with the various modifications 
required by their particular application or uses of the invention. It is intended that 
the appended claims be construed to include alternative embodiments to the 
extent permitted by the prior art. 
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